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�d=�DKS�;�G
#%$'&)(�*,+
Z/γ∗ → µµ + 0lp (excl.) (60 < M < 130 GeV) -.-./.0'132'0 451./ _ - 4 _ 6
Z/γ∗ → µµ + 1lp (excl.) (60 < M < 130 GeV) /.2)457'0'- 2)4 _ 0 6	_98 1 8
Z/γ∗ → µµ + 2lp (excl.) (60 < M < 130 GeV) :.032 8 1.1 4 6&_ - 6	_ -./.7
Z/γ∗ → µµ + 3lp (excl.) (60 < M < 130 GeV) 4;7.7'-.732 - _ 2<- 6	_ -,4.4
Z/γ∗ → µµ + 4lp (excl.) (60 < M < 130 GeV)

8 :=2>4.4 6&_ :31': 6	_ 4 6<8
Z/γ∗ → µµ + 5lp (incl.) (60 < M < 130 GeV) 2'/'-32<: 6&_ 4 8 6	_ 6 0 6?A@�B�C�DFE
Z/γ∗ → µµ (60 < M < 130 GeV) : _ 1.G -':30 \

���	�,
 � �R��_�
Z → µ+µ− 4 %('/+3� ��0��"7&% ) 0�!$=	7&�B)DCIH # ��� ' 0��3�$+"���$' �	! � � �M%��*����� ';+3) � +"���:?B%(� �
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+"���@'�� � +�+3%$'�� � +�+3%$7&�D0(2A# '� %(�32	� �^? �3% )3)*)3�B? +"#&%('5%��

256 pb ^9_�_�` C



+
O0*&O Z[��9��	4� " ��,�R " /E$
,�	� * (

! C/U�B:=5>/> " VX=�J�G0>
σ × BR [pb]

� =YDFSX;XG
� WFE	S�=�J
tt̄ + 0lp (excl.) -.-31 8 0<: 6&_ 2<: 6&_ 6.6 4;7
tt̄ + 1lp (excl.) /.0'1.7,4 6&_ 457 6&_ 6.6 4 8
tt̄ + 2lp (incl.) 4 2'7 6 /'/ 6&_ 4 2 6&_ 6.6.6 7
� WFE	S�=�J
Z/γ∗ → ττ + 0lp (excl.) 7'/ 6 /.7 6 451./ _ - 6	_ -,4;:'-
Z/γ∗ → ττ + 1lp (excl.) - 6 2'2<-31 2)4 _ 0 6	_ -.7 6 2
Z/γ∗ → ττ + 2lp (excl.) /.0':':�4 4 6	_ 1 6	_ 452'0'0
Z/γ∗ → ττ + 3lp (incl.) /.1.0)45/ 1 _ 1 6	_ 6 2'7'0
� WFE	S�=�J
Z/γ∗ → µµ + 0lp (excl.) (15 < M < 60 GeV) 0 6<836<8 - 1.1.2 _ 4 6&_ : 8 7'7
Z/γ∗ → µµ + 1lp (excl.) (15 < M < 60 GeV) 2 8 :./.1)4 1.7 _ 0 6&_ 6 7':,4
Z/γ∗ → µµ + 2lp (excl.) (15 < M < 60 GeV) 45/,4 8.8 1 4 6	_ 4 : 6&_ 6.6 :.0
Z/γ∗ → µµ + 3lp (incl.) (15 < M < 60 GeV) /32'2'1.0 1 _ 4 6&_ 6 2'0'1
� WFE	S�=�J
Z/γ∗ → µµ + 0lp (excl.) (130 < M < 250 GeV) 4 6 -./,4;- 6&_ / 6.6 6	_ 6'6 /)4
Z/γ∗ → µµ + 1lp (excl.) (130 < M < 250 GeV) /':37'1.0 6&_ 1':3/ 6	_ 6'6 1'7
Z/γ∗ → µµ + 2lp (excl.) (130 < M < 250 GeV) /.0 8 1.7 6&_ 6 / 8 6	_ 6'6 4 6
Z/γ∗ → µµ + 3lp (incl.) (130 < M < 250 GeV) 7./.1'0.7 6&_ 6 :31 6	_ 6'6.6 0

�W�	�,
� �8� ������0(?��  �3%��	'�2 46%(';+3� ��0��"7&%5)10�!$=	7&�B)DC H # ��� ' 0��3�$+"��� ' �	! � � �M%�������� '/+3).0�'�2�+"���
?B%(�"�3�B)"=�%('�2A# '�:7&�D0(2A# '� %(�32	� �*? �3% )3)*)1�B? +"#&%('�)�+"# !:�B) � �10�'�?3�	# '� �10�+"#&%	C ����� ��� #  �/+3)^0��3���3� 7 0�+"# ���
��� #  �/+3)�)1?D0�7&�B2 +3%*+"���9# '/+3�  �10�+3�B2.2�0�+10*7 �	!$# '�% )"# + < �

1046 pb−1 
U+3%*?B%(! � # '��W+"����2A#���� �3� '/+ 46%(';+3�
��0��"7&%:)10�!$=	7&�B) �KJ 7 =�J )"+10�'�2	)���%(��7 #  �;+ � =�0��"+3%('6# ' L M>O�PSQ�R 
 C

! C0URB�=Y>0> " V�=YJ�G0>
σ × BR [pb]

�d=�DKS�;�G
� WKE&S�=YJ
W → lν + 0lp (excl.) (60 < M < 60 GeV) -=2�:�451 8 7 2�: 8 2 _ 1 6	_ 7'7 8 2
W → lν + 1lp (excl.) (15 < M < 60 GeV) -3/'7.1 8 7./ 4 - 8 1 _ / 6	_ -.0':31
W → lν + 2lp (excl.) (15 < M < 60 GeV) 4 8 :37.7.2'/ 1 6 - _ /.2 6	_ 6 7,450
W → lν + 3lp (excl.) (15 < M < 60 GeV) /<- 6 4 6 7 8 - _ :.- 6	_ 6 1 8 :
W → lν + 4lp (excl.) (15 < M < 60 GeV) /.2)4 2</': 4;0 _ 2<- 6	_ 6'6 7.1
W → lν + 5lp (incl.) (15 < M < 60 GeV)

8 0.0 8=6 : _ /.0 6	_ 6 1 8=6
�W�	�,
� �8��� ����0(?��  �3%��	'�2 46%(';+3� ��0��"7&%5)10�!$=	7&�B)DC H # ��� ' 0��3�$+"��� ' �	! � � �M%�������� '/+3).0�'�2�+"���
?B%(�"�3�B)"=�%('�2A# '�:7&�D0(2A# '� %(�32	� �*? �3% )3)*)1�B? +"#&%('�)�+"# !:�B) � �10�'�?3�	# '� �10�+"#&%	C ����� ��� #  �/+3)^0��3���3� 7 0�+"# ���
��� #  �/+3)�)1?D0�7&�B2 +3%*+"���9# '/+3�  �10�+3�B2.2�0�+10*7 �	!$# '�% )"# + < �

1046 pb−1 
U+3%*?B%(! � # '��W+"����2A#���� �3� '/+ 46%(';+3�
��0��"7&%:)10�!$=	7&�B) �KJ 7 =�J )"+10�'�2	)���%(��7 #  �;+ � =�0��"+3%('6# ' L M>O�PSQ�R 
 C
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q3K X%K lb$',�,i(+*�.�/0$'1H2
;-135�.7,�(+;>.7&)(+1Y.
$-^"5I;>.7; ;-135�jk$'1Y.7(�ld;-,�?@$ }YX

;-1H5 .7C3;>.B2i$'&)(k53(+;-5 &e;>.7(�,�/0;-?d/02)13$-.e/0&)=3?@(+&)(+1Y.7(�5 /@1 .�C3(6jA$'1Y.7( ld;>,�?0$ 2�/@&<D3?0;>.7/@$'1.�C3(�,�(�2�$'?@DH.7/@$'1B$-^�.�C3(m.7,�;-132 S (+,i2�( &e$-&e(�1a.�D3& $-^�.7C3(�&�D3$'132d/@2d$ S (�,�(+2].7/@&B;>.�(+5E/@1�jk$'1Y.7(ld;-,i?0$3K � C3(B2i.J;>135I;-,i5R=3,�(�2�*�,�/0=%.7/0$-1�53(�2�*+,i/08:(+5R/@1�2i(+*�.�/0$'1�q3K��-K��e/02�DH2�(+5R.�$�$ S (�,]� 2�&)(�;-,.�C3( ,�(+2i$'?0D%.7/0$-1E/01kjk$'1Y.7(�ld;-,i?0$Ap }�� tuK#%/@13*+(e.7C3(B.�,7;-*�� ,�(�*+$'1H2i.7,iD3*�.�/0$'1;>135R&<D3$-1 /053(�1a.�/@zI*+;>.7/@$'1 (�«)*+/@(+13*�/0(+2 ;>,�(B5H/��c(+,�(�1Y.�/015I;{.J;�;-135 ( S (+1Y.�2�/0&�D3?¡;>.�/0$'1
	:.�C3( ,7;>.�/0$9$-^�.7CH( .ynw$�(�«)*+/@(+13*�/0(�2�/@2�D32�(�5 .�$�,�(�nw(+/@\'CY. .7C3(2i/0&<D3?0;>.7(�5E( S (+1Y.72�K��b$-.�C�2�*�;>?0(�^~;-*�.�$',�2
;>,�( 2i.7;-135I;-,i5k*�$',�,i(+*o.7/0$-132 pW}�>t K
� (o.72)/01 .7C3( S /0*�/013/x.yFR$-^g&<D3$'1H2)=:$-.�(+1Y.7/0;-?0?xF ,i(+53DH*+(k.�C3(�(�«)*+/@(+13*oF$-^g.�C3(�&<D3$'1 /02i$'?¡; �.�/0$'1�*+D%.�K � CH(+,�(o^T$',�(�.7C3(�&<D3$-1k/@2�$'?0;>.7/@$'19(�«)*�/0(+1H*�FA/02
53(o.7(+,i&e/@13(+5k;-2v;�^TD313*�.�/0$'1A$-^".7C3(1aD3&<8:(+,b$-^ _ (�.�2d/01e.7C3(4*+$',i,�(+2i=c$-1353/01H\<( S (+1Y.�Kw|I$',�.�C3/02w=3D3,i=c$'2i(m( S (+1Y.72
$',i/0\'/@1I;>.�/013\�^T,�$-&
Z
8c$-2�$'1R5H(+*�;�FG2�/01 .7C3(B,�(+*�$'132].7,�DH*�.7(�5&B;-2i2�,�;-13\'(

60 GeV
.7$

130 GeV
;>,�(B2i(+?@(+*�.�(+5 K

� C3(e;-&)$'D31Y.�$-^d83;-*��a\',�$'DH135R( S (+1Y.72�/01 .7C3()5I;>.7;k/@2�1H(+\'?@/0\'/@83?0(>K � nw$�&<DH$'132�$-^�� ?0$G$'2�(��
� DI;-?@/@.yF &e;>.7*JCH(+5�.�$g*�(+1Y.7,�;-?G.�,7;-*��a2h1H(+(+5�.7$g8:(b2i(+=I;>,7;>.�(+5<8YF ∆φ > 2

K���1H(b$-^%.7C3(w&<D3$'132CI;>2`.�$ 8c(
/02i$'?¡;{.7(+5 ;>*+*+$-,�53/@13\�.7$�.7C3([.�,7;-*��a/01H\�/@2�$'?0;>.7/@$'1<*+,i/@.�(+,�/@$'1 ∑R<0.5
tracks pT < 4.0 GeV

K
� C3(�2i(+*+$-135 &�D3$'1/02�.�(+2].7(+5 n
C3(�.�C3(+, /x.<^TD3?@z3?0?02�.7C3/@2�/02i$'?¡;>.�/0$'1 *+,i/@.7(�,�/@$'1 K |�/0\'DH,�(+2�qHKWq;-1H5 q3K XA2�C3$�n .7C3(B/02�$-?¡;>.�/0$'1 (�«)*+/@(+13*oF�^T$',�5I;>.7;6;-135R2i/0&<DH?¡;>.�/0$'1 ;-2�;k^TDH13*�.�/0$'1R$>^[.7C3(1aD3&<8:(+, $-^ _ (�.�2<n
/@.�C ,i(+2i=c(�*�.).7$ .7C3(�&<DH$'1�� 2�=32�(�D353$�,�;-=3/@53/@.yF η

^T$', _ (o.72�n
/@.�C .7,7;>132]�S (+,�2i(�&)$'&)(+1Y.J; \',i(�;>.�(+,�.7CI;>1
15 GeV

;-1H5 \',i(�;>.�(+,�.7C3;-1
20 GeV

	�,�(�2�=:(+*�.�/ S (+?@F-K � C3(*�$',�,i(+2�=:$'135H/013\ (�«)*�/0(+1H*+/0(�2v^T$-D3135�8YFA; S (+,�;-\'/01H\)$ S (+,
η
;-,i(�?0/02].7(�5A/@1 � ;-8H?0(�q3K qHK

# ������� G���� �"!$#
��%"&'� ()���"*'�
��+�,-!.�0/ !.132.*4!5�6287 !.132.*4!5�6287

pT (jet) > 15 GeV6 /69 7'/.0<-�!8: 6 4 ± 169 - ;3: 6 !8: 6 2 /<9 7.7.1'/=!.: 6 4 ± /<9 7./<-�45!8: 6 : 4�9 6.6 4 -�!.: 6'6 ± 169 2�-�4.45!8: 6 2
4 /69 : ;=/'7=!8: 6 4 ± 4>9 -,45/.0�!8: 6 1 /<99:3/':,4.!.: 6 4 ± 1<99:3/<-=2>!8: 6 2 /<9 /.732>4.!.: 6 4 ± 4>9 - ;�4 2>!8: 6 1
- /69 6 ;3-.1=!8: 6 4 ± 169?;�4.4 6 !8: 6 1 /<9 1.1 6 4.!.: 6 4 ± 4�9 6 2<7.7�!8: 6 1 /<9@;3-31A;B!.: 6 4 ± 169 7<:3032>!8: 6 1
≥ 3 769 :':�45/�!8: 6 4 ± 7<9 7./)457�!8: 6 1 /69 4�;=/<:�!8: 6 4 ± -C9 0,4 6 :�!.: 6 1 /69 1)450'1=!8: 6 4 ± /<99-30A;�45!8: 6 1

pT (jet) > 20 GeV6 /69 7'/.0<-�!8: 6 4 ± 169 6 :31 6 !8: 6 2 /<9 7.732 6 !.: 6 4 ± /<99-37'0 ;�!8: 6 : 4�9 6.6 4 -�!.: 6'6 ± 169 4;/,4.45!8: 6 2
4 /69 2'2 6 7=!8: 6 4 ± 4>9?;.: 6 ;�!8: 6 1 /<99:.-30)4.!.: 6 4 ± 269 /32C;=0�!8: 6 2 /<9 /,4 6 :�!.: 6 4 ± 4>9 7)45/.1�!8: 6 1
- 769 0'0 ;.-�!8: 6 4 ± 069?;3/././�!8: 6 1 /<9 457 ;37=!.: 6 4 ± 4�9 7./)4 6 !8: 6 1 /<9 2'1.1.2�!.: 6 4 ± ;C9 6 :>;=/�!8: 6 1
≥ 3 ;C9?;.:37':=!8: 6 4 ± -C9 6 2'2)45!8: 6 - /69 4'4;:,4.!8: 6 4 ± 0<99->; 6 -�!.: 6 1 769 :,4.4�;B!8: 6 4 ± -C9 451'7,45!8: 6 -
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}'s q3K �hS (+1Y.m,i(+*+$-132i.�,�D3*o.7/0$-1�;-1H5A53;>.J; 2�(�?0(+*o.7/@$'1

� $�;-*�*+$'D31Y.[^T$',�.7C3(�,i(+?0;>.7/ S (g5H/��c(+,�(�13*+(g/01B.�C3( _ (�.d(+13(�,�\-FB2�*�;>?0( Q"� � #HZw8c(o.ynb(�(+1A5I;>.7;;-135 ( S (�1Y.<2�/@&<D3?0;>.7/@$'1�.7CH()(�13(+,i\'/0(�2�$>^w.�C3(e2i/0&<DH?¡;>.�(+5 _ (�.�2�;>,�( 2�C3/x^¤.7(�5 K fg1R;>5353/@.�/0$'13;-?$ S (+,��y2�&)(�;>,�/01H\B$-^N.�C3(�(�13(+,i\'/0(�2g*+$-,�,�(�*�.�2g^T$',
.7C3(<8H,�$Y;-5H(+, _ (o.g(�13(+,i\-Fk,�(+2i$'?0D%.7/0$-1�/01k5I;>.7;*+$'&)=I;-,i(+5 .7$�.7C3(v( S (+1Y.d2i/0&<DH?¡;>.�/0$'1 K ¬ / � (�,�(�13*+(�2w/@1)53;>.J;�;-135)( S (+1Y.b2i/0&<DH?¡;>.�/0$'1<*+;-1e;-?02i$;-,�/@2�(<^T,�$-& .7C3(�,i(+*�$'132i.�,�D3*o.7/@$'1�;>135 /@53(+1Y.�/@zI*+;>.7/@$'1 (�«)*+/@(+13*�/0(�2+Ke#%/01H*+(�8:$-.7C (�«)*+/@(+13*�/0(�2CI; S (�,�(�;>*JC3(+5A.7C3(�/0,
=3?¡;{.7(�;>Dk;{.
pT (jet) ∼ 15 GeV

	I; _ (o. pT

.7C3,i(+2�CH$'?05A$-^
15 GeV

/02
,�( �
� DH/0,�(�5 KNf 5H(�.J;>/0?0(�5e5H(+2�*�,�/@=H.7/@$'1B$-^ .7C3/@2b*+$-,�,�(�*�.�/0$'1e&e(o.7C3$G5B/@13*+?@D353/01H\�2]F%2].7(�&B;>.�/0*v(+,i,�$',i2/02[\'/ S (+1A/01��
(�^T(�,�(+1H*+(ep q�� t K
f4?0?Pjk$-1a.�(mld;>,�?0$ 2�;-&e=H?0(+2�;-,i(
13$',�&e;-?@/0®+(�5<.7$ .7C3(
/@1a.�(+\',�;>.7(�5e?@D3&)/013$'2i/@.yF�$-^:.7C3(v5I;>.7;27;-&)=3?0(>K � CH(�,i(+?0;>.7/@$'1

Ndata = L·σ·fMC

Q n
C3(�,�(
Ndata

/@2 .7C3(`1aD3&<8:(+,�$-^%5I;>.7;[( S (�1Y.72h;>135
fMC

;�2�*+;-?0(
^~;-*�.�$',N.J;��a/@13\�/@1Y.7$�;-*+*�$'D31Y.b.�C3(g;>*+*+(�=H.J;>13*+(�;>135B,i(+*+$-132i.�,�D3*o.7/0$-1B(�«)*�/0(+1H*�FHZ2�C3$'DH?05 8:(�2�;>.7/@2izI(�5 ^T$',�.7CH(�&e;-2�2),7;-1H\'(
60 GeV < Mµµ < 130 GeV

K � $R*+;-?0*�D3?¡;>.�(.7C3()13$',i&B;-?@/0®+;>.7/@$'1�^~;-*o.7$',
fMC

	�.�C3(
Z → µ+µ−

jk$-1a.�(9ld;>,�?0$En
/x.7C ;k=3,i(+53/@*�.7(�5�*�,�$'2i22�(+*o.7/@$'1�;{.������)� $-^
256 pb

p qaX{t�/@1�.�C3( &B;>2�2
,7;-1H\'(
60 < Mµµ < 130 GeV

/02dz3.i.7(+5A.7$.7C3(<53;>.J;HK � C3/024?0(�;>532g.7$9;Ejk$'1Y.7(�ld;-,�?@$92�*+;-?0/@13\e^~;-*o.7$',
fMC = 0.2

K�|�/0\-D3,�(�qHK'B2iC3$�n
2.7C3(�*�$'&e=3;-,�/@2�$'16$>^�.�C3(�5I;>.7;E;-135 jk$'1Y.�()ld;-,�?@$E( S (�1Y.72�^T$',g.�C3(�&B;>2�2m,�;-13\'(
60 GeV

.7$
130 GeV

K
� C3( _ (�.�&<DH?@.7/@=3?0/@*+/x.7/0(�2
;-,�(�DH1353(+,i(+2].7/0&e;>.�(+5 8YF	��
��� M:O ;-135������������ ;>2�*�;-1 8:(�2�(�(+1^T,�$'& |�/@\'D3,�(eq3K'�GK � C3(�,�(�^T$-,�(953/@2i.�,�/08HDH.7/@$'132�$-^[.7C3(B?0(�;>53/013\ 	�2�(�*+$'1H5 ?@(�;-5H/013\�;-135�.�C3/0,i5?0(�;>53/013\

pT (jet)
;-,i(913$',i&B;-?@/02i(+5�n
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q� X%K jA(�;-2iD3,�(�&e(�1a.4$-^
Z

�b$'2�$-1�� _ (�.72v53/ � (�,�(+1Y.�/¡;-?c=3,�$G53D3*o.7/0$-1A*�,�$'2i2
2�(+*o.7/@$'132

����� ��� � ���3.��%�-&�� 0 � �4�5.10"&�� ��� � .6�3��	�� �1�	��
 � �	��%�"���3�
. �-��� �1�	�

� C3( &B;>.�*JC3/01H\98c(o.ynb(�(+1 =I;-,i.�/0*�?0(�?@( S (+? _ (�.�2 ;-135 *�;>?0$',i/0&)(�.7(�, _ (o.72�/@2�53$'13(�/@16.7C3( η − φ=3?¡;-1H(98YFR,�( � D3/0,i/013\6.�C3(953/@2i.J;>13*+( ∆R
8c(o.ynb(�(+1.7C3(9.ynw$ $'8 _ (�*�.72<.�$ 8c(E?@(+2i2�.7CI;>1 0.5

K|�/0\'DH,�(�X%K �92iC3$�n
2 .�C3(E53/@2i.J;>13*+(E8:(�.ynw(+(�1 ;-?@?w=:$'2i2�/08H?0(9*�$'&<83/@1I;>.7/@$'132�$-^ _ (�.72<;>.�,�(�*+$'1G�
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�H�7�uª"�J�7�<�+���Y¦H������� �Y��� ¥ ��� �Y���G�+�y�����a���+ H¦G�+�y�y� ¥ ��� 
y�7��� �
pT > 6GeV

��+�a¢ ��� ¥ ���a�y�y�y� ¥ ���J¢�
y�7��� �
pT > 15GeV

�

2i.7,iD3*�.�/0$'1 ;-135 =I;-,].7/@*+?0(�?@( S (+? K � C3()(�«)*�/0(+1H*�F .7$k;-2i2�$G*+/¡;{.7();E,�(+*�$'132].7,�DH*�.7(�5 _ (�. n
/x.7C ;=I;-,i.�/0*�?0( _ (o. /02g^T$-D31356.7$E8:( ;-8:$'DH. ∼ 90%
K � CH()/@13(�«)*�/0(+1H*�F6$>^ ∼ 10%

*+;-1 8c(�5HD3(<.7$;-5353/x.7/0$-1I;-? _ (�.72�^T,i$'& &)/013/@&<D3& 83/0;-2m( S (+1Y.72�13$-.�;-2i2�$G*+/0;>.7(�5 .�$9.7C3(
Z
8c$-2�$'1 K � $A=I;-2i2.7C3(9*�$',�,i(+*o.�53(�.�(+*o.7$',<,i(+2i=c$'1H2�(9^TD313*o.7/@$'1 .�$�.7C3(B,�(+\-D3?¡;-,i/0®�(+5RD31%^T$'?053/@13\A=3,�$'\-,7;-& 	�$'1H?@F( S (�1Y.72dn
C3(�,�(4.�C3(

ith
,�(�*+$'1H2i.7,iD3*�.�(+5 _ (o.b/@2�&e;>.�*JC3(+5B.�$�.�C3( ith

=I;-,].7/0*�?0( _ (o.wn
/x.7C9; .7,�;-132]�S (+,i2�(E&)$'&)(+1Y.7D3& \',i(�;>.�(+,�.7CI;-1
15 GeV

;>,�(BDH2�(+5R.�$653(�2�*+,i/08:(B.7CH(B53(o.7(+*o.7$',�^TD313*�.�/0$'1 K�v(�*+$'132].7,iD3*�.�(+5 _ (�.�2�n
/@.�C�.7,�;-132 S (+,i2�(E&)$'&e(�1Y.J;k?@(+2i2�.7CH(+1 15 GeV
;-,�(e13$-.<2iDH«)*+/@(+1Y.7?xFD31353(�,�2i.�$%$G5 K4jk/@2�&e;>.7*JC3/@13\)8c(o.ynb(�(+1 ,�(�*+$'132].7,iD3*�.�(+5 _ (�.�2m;-1H5 _ (�.�2g$'1k=I;-,].7/0*�?0( ?0( S (�?"*+;-18c( 53D3(�.�$ .�C3(�?0(+;-53/@13\�=I;-,].7/0*�?0( _ (o.
13$-.
8:(+/@13\ ,�(+*�$'132].7,�DH*�.7(�5�	P*JCI;-13\-(+2
/01E.7CH( _ (o.
$',�5H(+,]�/013\e53D3(�.�$B,i(+2�$-?0DH.�/0$'1A(>�c(+*o.72m$',
.7CH(<;-2i2�$G*+/¡;{.7(+5�=I;-,i.�/0*�?0( _ (�.4CI;-2g;e.7,�;-132 S (+,i2�(<&)$'&)(+1%�.7D3& ?0(+2i2g.7C3;-1

15 GeV
K�|�/@\'D3,i(+2 X%K U 	�X%KW}E;-135 XGKWqE2iC3$�n
2 .�C3(�;-&)$'D31Y.�$>^`13$-.�*�$',�,i(+*�.�?@F&B;>.�*JC3(+5 _ (o.72m^T$',m.�C3(�?0(+;-53/01H\ 	 2i(+*+$-135 ?@(�;-5H/013\E;>135 .7C3/@,�5 ?0(+;-53/@13\ pT (jet)

,�(+2i=c(�*�.�/ S (�?@F-K
� C3(�^T,7;>*�.7/@$'1A$-^`;-?@?$� &)/02�&e;>.�*JC3(+5�� _ (o.72g/@245H$'&e/@1I;>.�(+5�8YFA,�(�*+$'1H2i.7,iD3*�.�(+5 _ (�.�2m;-2i2�$G*+/0;>.7(�5n
/@.7Ce;�=3;-,i.�/0*+?@( _ (�.`n
/@.�C pT (jet) < 15 GeV

;>135)^T$-D3135e.�$�8:(4;-8c$-DH.
38%

^T$-,`.�C3(v?0(�;>53/013\
pT (jet)

	
67%

^T$',d.�C3(�.7,�;-/0?@/013\
pT (jet)

;-135A;-8:$'DH.
83%

^T$',d.�C3(�.7C3/@,�5E?0(+;-53/@13\
pT (jet)

KL 1 *�$'1Y.7,7;>2i. .7$E.7CH(),i(+\'DH?¡;-,i/0®+(�5 D31H^T$'?@53/01H\9.7C3( /@.�(+,�;>.7/ S ( �����	�
�����
�����e*�$',�,i(+*o.7/0$-1 &)(�.�C3$G553$%(�2e1H$-.),�( � D3/@,�(�.7CI;{.).�C3( ith
,i(+*+$-132i.�,�D3*o.7(+5 _ (�.)/02 &e;>.7*JC3(�5 .�$ .�C3( ith

=I;>,i.7/@*+?@( _ (�.�Kfg2�2iD3&)/013\ .7CI;{.e.�C3(k5H(�.7(�*�.�$',B;>*+*+(�=H.J;>13*+(�;-135 .�C3(A(+13(�,�\-F,i(+2�$-?0DH.�/0$'1 /02�.7CH(k2�;-&e(�/@15I;>.J;�;-13592i/0&<DH?¡;>.�/0$'1 ;�&e/@2�&e;>.7*JC3/@13\ 8c(o.ynb(�(+1E\'(�13(+,�;>.7(�5E;-135B,�(+*�$'132].7,�DH*�.7(�5 _ (�.�2b/02�13$-.;)=3,i$'83?@(+&AK
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qYs X%K jA(�;-2iD3,�(�&e(�1a.4$-^
Z

�b$'2�$-1�� _ (�.72v53/ � (�,�(+1Y.�/¡;-?c=3,�$G53D3*o.7/0$-1A*�,�$'2i2
2�(+*o.7/@$'132

����� � � � � 0 �-. �$0�� #,�-&%& �-&�� �-&
pT (jet)

L 1k$',i53(+,d.�$�&e/@13/0&)/0®�(v.�C3( (+,i,�$',i2[/019.7CH(�DH1H^T$'?05H(+5�;-135 �����	�
�����
�����e*�$',�,i(+*�.�(+5A,�(�2�D3?x.72d.7CH(83/01)2�/@®+(+2�/01 .7CH(v.�,�D3(4;-135e&e(+;-2�D3,i(+5 S ;>,�/¡;>83?0(�2`;-,�(4;-5 _ D32].7(�5e.7$�&e;>.7*JC).7C3(v(��%=:(+,�/@&e(�1Y.J;-?,�(+2i$'?0D%.7/0$-1 ;-135 2i.7;>.7/@2i.7/@*+2�K � C3( D3=H=c(�,�83/01 ?0/@&e/x.72[^T$',
pT (jet)

nb(�,�(�2i(+?0(�*�.�(+5 2�$E.7CI;{.�;-?0?;-*+*�(+=H.�(+5 jA$'1Y.7(kld;-,�?@$ ;-1355I;>.7;6( S (+1Y.72)z3.�n
/@.�C3/01R.�C3(E,7;-1H\'(-K � CH(A?@$�nb(�,)8H/01 ?0/@&e/x./02<2i(�.�.7$
28 GeV

K � nw$ ;-5353/x.7/0$-1I;-?`83/01H2<8c(o.ynb(�(+1
15 GeV

;>135
28 GeV

;-,i(E;-5353(�5 .7$*+$'1Y.7,i$'?�;-135A*+$'1H2i.7,�;-/01�.7CH(�&)/0\',�;>.7/@$'132�^T,�$'& ?@$�n
pT

� _ (�.72
/@1a.�$�.7C3(�&e(+;-2�DH,�(+&)(+1Y.v,�(�\'/0$-1Q
pT (jet) > 28 GeV

ZoK � C3(4DH1H^T$'?05H(+5 5I;>.7;m/01�.7C3(�2�([.ynw$�;-5H53/@.�/0$'1I;>?H83/@132`;-,�([1H$-.`,�(�=c$',].7(�5/01 .7CH(�zI1I;-?g,�(+2iD3?@.E;-2B.7CH( &e/@\',7;>.�/0$'1 /01Y.�$R.7C3(�2�( 83/@132B^T,�$-& _ (o.729n
/@.�C ,�(�*+$'132].7,iD3*�.�(+5
pT < 15 GeV

/02�13$-.<*�$'132].7,7;>/013(�5 K � ;-83?@(+2<X%K � 	hX%K U ;-135 XGK }�2iC3$�n .7C3(e&e/@\',7;>.�/0$'1 &e;{�.7,�/@®+(�2g$'8H.7;-/01H(+568YFkD32�/@13\���
��� M:O jk$'1Y.�( ld;-,�?@$e^T$',v.7C3(�?0(+;-53/01H\ 	c2i(+*�$'135 ?0(+;-53/@13\B;>135.7C3/@,�5�?@(�;-5H/013\
pT (jet)

,i(+2�=:(+*o.7/ S (+?xF'K � C3(9&e;>.7,i/ � *�$%(o«e*�/0(�1a.
ij
/02�53(ozI13(+5 ;-2�.7C3()^T,7;-* �.7/0$-1 $>^b( S (+1Y.�2 	".�CI;>.�;-,i(�\'(+1H(+,7;{.7(+5 /01 83/@1

i
;-135 ,�(+*�$'132].7,�DH*�.7(�5�/@1 8H/01

j
K ¬ D3(�.7$E.�C3(53(+*�,�(�;>2�/01H\�2�=:(+*o.7,iD3& $>^b.7CH( _ (o.�.�,7;-132 S (�,�2�(B&e$'&)(+1Y.7; 	�.7C3()&e/@\',7;{.7/0$-16^T,�$'& 8H/0132 n
/@.�C?0$�nb(�,

pT (jet)
/02 ?¡;>,�\'(�, .�CI;-1�.�C3(B&)/0\-,7;>.�/0$'16^T,i$'& 83/01H2�n
/x.7C�CH/0\'C3(�,

pT (jet)
K � C3(B83/@18c$'DH135I;-,i/0(+2v;-,i( 2�(+?@(+*o.7(+5k/01�2�DH*JC6;�nd;�FE.7C3;>.
.7C3( 83/@1k=3DH,�/@.yF953(�zI1H(+56;>2
.�C3(�^T,7;-*o.7/@$'1�$-^( S (�1Y.72 	G.7CI;{.b;>,�([\'(�13(+,�;>.7(�5B;-1H5e,i(+*+$-132i.�,�D3*o.7(+5B/01<.7CH(v2�;-&)(v8H/01 $-^

pT (jet)
/@2`;-8c$-DH.

50%$',[?¡;-,i\'(+,�K
� $k&e(+;-2�D3,i().�C3()?0(�;>53/013\

pT (jet)
2�=:(+*o.7,�DH& .�C3(),7;-13\-(

28 GeV <pT (jet) < 300 GeV
/0283/0131H(+5A/01As�83/0132[$>^�/@13*+,i(�;-2i/013\�n
/05%.7C K � C3(�83/@1A8:$'D31H5I;-,�/@(+2dnw(+,i(�*JC3$G$'2i(+1k.�$ 8c( 0

{28 GeV, 40 GeV, 54 GeV, 73 GeV, 95 GeV, 120 GeV, 154 GeV, 184 GeVand 300 GeV} K� $�D31H^T$-?05�.�C3(<.7,�;-/0?@/013\
pT (jet)

qE8H/0132m8:(�.ynw(+(�1
28 GeV <pT (jet) < 200 GeV

n
/x.7C6.7CH(^T$'?0?@$ n
/@13\<83/@1�?0/0&)/@.�2�nw(+,i(�2i(+?@(+*�.�(+5 0
{28 GeV, 40 GeV, 54 GeV, 73 GeVand 200 GeV} K� C3,�(�(�83/@132[8:(�.ynw(+(+1

28 GeV <pT (jet) < 150 GeV
nw(+,i(�2i(+?0(�*�.�(+5k.�$ &e(+;-2�D3,i(m.7C3(�.�C3/0,i5?0(�;>53/013\

pT (jet)
53/@2i.7,i/083D%.7/0$-1 0 {28 GeV, 44 GeV, 60, GeVand 150 GeV} K
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pT (jet)

��

,-!8� pT %0���(A�! G�!5�=� pT # ��+ # ��+ �(A�?�9 N · dσ
dpT (jet) errstat errsys

[GeV] [GeV] !�E�!5�>��/ !
E>!.� �0/ [1/GeV] [%] [%]
N = 1 · fb−1

=A> : =?@ =?G<9 Q QAGD= ;�9 V 2.47e + 02 B69 > =?@69 =
=A@ : BD> GAG<96= =A<?G =C96< 7.32e + 01 Q<9 G ; B�9 V
BE> : <FB BDQ<9 > ;Z>A@ =C9 > 3.39e + 01 V<9 Q ;ZG69 G
<?B$: ;FG QR;�9 @ <?> ;�96< 1.17e + 01 ; B69S; ;Z>69?;
;?G$: =A>A> VAQ<9@; =?Q ;�9 > 7.88e− 01 ;ZV<9 Q ;-<<9 @

N = 1
σincl,|η|<1.7=A> : =?@ =?G<9 Q QAGD= ;�9 V 2.05e− 03 B69 > =A<<9 V
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;?G$: =A>A> VAQ<9@; =?Q ;�9 > 6.57e− 06 ;ZV<9 Q ; B�9U;

N = 1
σjetpt>28 GeV

=A> : =?@ =?G<9 Q QAGD= ;�9 V 1.47e− 01 B69 > ;Z@69 V
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;?G$: =A>A> VAQ<9@; =?Q ;�9 > 4.70e− 04 ;ZV<9 Q Q69 <

D)E�G�H � �I���I� # � ���y�Y���7� �7�>���+  dσ
dptjet

 ¤�����y©a�[�]� ¥ ���a¢���� ��¢'���Y¨ 
y�7�����
Z + jet

��� �7�{��� � 1h©a�d�]�+�Y¨ ��+ 
pT (jet)
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σincl = 120.8 pb
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pT (jet)
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pT (jet)
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pT (jet) > 28 GeV
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pT (jet)
 ���� "'$�� ��	����%�1��"'$$�A�< ynY����$
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,-!8� pT %��=��A�! G�!L�=� pT # �=+ # �=+ �(AI? 9 N · dσ
dpT (jet) errstat errsys

[GeV] [GeV] !
E>!.� �0/ !�E�!5�>��/ [1/GeV] [%] [%]
N = 1 · fb−1

=?> : =A@ =AG<9 Q ;->A> ><9 @ 5.31e + 01 ;-><9 > ;Z@69?;
=?@ : BDB GAB69 B GA@ ><9@; 1.30e + 01 ;-Q<96= ;Z>69 B
BAB : QD> <A><9 G < ><96= 1.36e + 00 BDB69@; =?G69 >
QA> ::;-<A> ;A<C9 B ; ><9S; 4.30e− 02 ;Z>D><9 > ;ZG69 V

N = 1
σincl,|η|<1.7=?> : =A@ =AG<9 Q ;->A> ><9 @ 4.42e− 04 ;-><9 > ;Z@69 Q

=?@ : BDB GAB69 B GA@ ><9@; 1.08e− 04 ;-Q<96= V<9@;
BAB : QD> <A><9 G < ><96= 1.13e− 05 BDB69@; =?G69 B
QA> ::;-<A> ;A<C9 B ; ><9S; 3.58e− 07 ;Z>D><9 > ;ZG69U;

N = 1
σjetpt>28 GeV

=?> : =A@ =AG<9 Q ;->A> ><9 @ 2.27e− 01 ;-><9 > ; B�9?;
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BAB : QD> <A><9 G < ><96= 5.80e− 03 BDB69@; =FB�9U;
QA> ::;-<A> ;A<C9 B ; ><9S; 1.84e− 04 ;Z>D><9 > ;ZG69 =

DFE�G�H � �3���I� # � ���y�Y���7� �7�{�
�+  dσ
dptjet

 ¡���d�y©a�4�y©Y����¢B��� ��¢'���Y¨ 
 �7�b���
Z + jet

��� �7�{��� � 1h©a�4�]�+�Y¨ ��+ 
pT (jet)
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pT (jet) > 20 GeV
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= 2.23e− 02 G69 G =A<C9@; >69 QT; 1.76e− 02 ;C9 Q
G 3.94e− 03 @69 @ ; B696= >69 QE< 2.92e− 03 ;C9 B
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=?G69?; 7.25e− 03 ;�9 @ Q69?; ;�9 >D= 7.11e− 03 ;�9 >
GAG69 < 3.78e− 03 =C96= ;C9 G ;�9 >A> 3.78e− 03 ><9 V
BDQ69 B 1.85e− 03 G<9S; <<9 G ;�9 >A> 1.85e− 03 ><9 B
QD=<9 Q 8.03e− 04 B69 > Q69?; ;�9 >A> 8.03e− 04 ><96=
@D=<9 V 3.23e− 04 Q<9 > B�9 V ;�9 >A> 3.23e− 04 ><96=
;Z>AQ69 = 1.28e− 04 @<9 @ B�9 = ;�9 >A> 1.28e− 04 ><9 B
;ZG?B�9?; 8.56e− 05 ;Z><9 V ;Z>69 Q ;�9 >A> 8.56e− 05 ><9 B
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pT (jet) > 20 GeV
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pT (jet) > 28 GeV
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Z/γ∗ → µ+µ−

)*� �'���< �"%�+$X���*"  �����" �
� � ����.$����>����)�	 �% �)B�*� ����L �� ���������+$�� �'� �#� � ��� *)��>"  ��
pT (jet) > 28 GeV

�#$�� |y(jet)| < 2.5
"'$9� �%"'?B"% ��%���#$.���E� �
��������$�����	G"%$���? �( *"'� ���#$ �+� ��+�

 ����
Z/γ∗ �����7��� ���*�'��	��< �)�� � �������'"4���( ��  ���� 	�$�����4��"'$ �>?B�� ���� �\ ����E���+���*���� �"%�+$ ���*�G���%��	��*�
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pT (jet)
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Z
�Q�+)*�+$0������� �������#�*�*��) �Q�+$���"%$ �Z *� |ηµ| < 1.7 � �($��N$��R����� 	�"%�*��?B��$= Y�+$? 	��+$

pT � �#$��  �����$I���+���*���< ��%�I *�L �������	����������#)��\) ���#���\�!�  ���� ���*�'��	������$��"�� ? 	��+$ ���#"'���� ��� ���������+$ �%� �#� � ��� �)��#�*� �����.$���� ���C ���� ��$!%(&(�)�(�@1 ��� �������+�+��"% ���?��>"  �� �I���+$��/)*"����
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R = 0.5
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pT (jet) > 28 GeV

�#$�� |y(jet)| < 2.5
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 ������� �#$�� ����������� � �G /�@ �"')! �"%�7��� �($��U)�K)! ���?0�( *"'����� 	�$������� 2�#"'$= *"'��)#�#���V���+?���"%$����
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Z/γ∗ → µ+µ− + n
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n = 0, 1, 2, 3, 4
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2 → 2
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 ��L?0�@ ����� ����\? �( ���" � � � �'��?B��$= ���*�%��"'�< �"'�#$.��#�
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��"�)����3�>)L �����?B�7�#)�	��*��?V��$� B�!�^ ���� �%�7����"'$ ����< �� � ���  ������+���� �"%�7��� ���*����"'�� *"'�+$
�+" �#��$ ��� ��
������� ��������"%�� �) ∼ 30%
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pT
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pT (jet)
�� ���!��"')������ ���#$����-�@ ∼ 135 GeV

�7�#$-�Q���@ * ���"4��	K ����W *� ��� 	��� �	��( �"%�+$W"'$F ��������( /�/ ����( 
"')<���'���7���
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 �� ∼ 1.8
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